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G protein-coupled receptors (GPCRs) are the largest known family of cell-surface receptors. These seven pass
transmembrane receptors transduce extracellular signals to intracellular G proteins. GPCRs respond to diverse
ligands including ions, lipids, amino acids, peptides, and odorants and therefore are involved in various bio-
logical processes from neurotransmission to the regulation of blood pressure. Recent studies reveal unexpected
roles for GPCRs in development, immunology, and plant biology.
A Plant GPCR Is ABA’s Biggest Fan
Abscisic Acid (ABA) is a plant hormone that helps maintain seed
dormancy and is responsible for a plant’s ability to respond to
environmental stress. Although two intracellular receptors for
ABA have been characterized, identification of the receptor that
senses extracellular ABA has been elusive. Although GPCRs are
abundant in many organisms, plants have few known GPCRs.
Based on the importance of these receptors in other organisms,
Liu et al. (2007) set out to identify and characterize new GPCRs in
Arabidopsis thaliana. Analysis of the genome uncovered a gene
predicted to encode a GPCR that they named GCR2. Liu et al.
confirmed that this protein is an integral membrane protein and
performed a number of rigorous tests to show that its C-terminal
domain interacts with the G protein subunit Ga (GPA1). This inter-
action is the defining feature of a GPCR. They next generated GCR2 mutants and noticed that seeds from these
plants germinated prematurely. This phenotype is a hallmark of impaired ABA signaling and therefore prompted
them to examine other aspects of ABA signaling. In GCR2 mutants, activation of ABA-responsive marker genes
was diminished, inhibition of seedling growth induced by ABA was reduced, and the control of stomatal closing/
opening was also impaired. Furthermore, strains that overexpress GCR2 are hypersensitive to ABA. These results
point to the involvement of GCR2 in ABA signaling, and the authors go on to show that the downstream G protein
is also part of the process. Classical kinetic studies analyzing receptor-ligand interactions revealed that ABA binds
to GCR2. Binding of ABA to GCR2 leads to the dissociation of the GCR2-GPA1 complex thereby releasing GPA1 to
activate downstream effectors. Thus, by identifying the extracellular receptor for ABA and thereby assigning the first
function to a plant GPCR, Liu et al. (2007) have remarkably managed to address two important unanswered
questions in plant biology.
X. Liu et al. (2007). Science 315, 1712–1716. Published online March 8, 2007. 10.1126/science.1135882.
Apelin and Its Receptor Take Gastrulation to Heart
Zeng et al. (2007) set out to understand the basis of the dramatic and coordinated
movement of cells that occurs during gastrulation. Given the importance of GPCRs
in chemotaxis, Zeng et al. searched for GPCRs that are involved in zebrafish gastru-
lation and identified the homolog of the angiotensin II receptor-like 1, Agtrl1a and 1b
and their ligand Apelin. They showed that the expression of both Apelin and Agtrl1b
complemented each other during early embryonic development. Morpholino-induced
knockdown and misexpression of Agtrl1b as well as Apelin disrupted gastrulation and
heart formation. The authors showed that the negative effects of misexpressing
Apelin were overcome by knockdown of Agtrl1b, indicating that the effects of Apelin
on gastrulation and heart formation are through its interaction with Agtrl1b. Next,
Zeng et al. followed cells that give rise to cardiac precursors during gastrulation.
They observed that misexpression or knockdown of Apelin interfered with migration
of lateral plate mesoderm cells including cardiac precursors during late gastrulation.
Closer examination of cellular movement revealed that mesodermal cells in control
embryos displayed normal features of polarized cell migration during convergent
extension, unlike cells overexpressing Apelin. The results from Zeng et al. indicate
that GPCR signaling is important early in development of the heart field by regulating
the complex cellular movements that accompany vertebrate gastrulation.
In another study, Scott et al. (2007) came across the Apelin receptor in a forward
genetic screen performed in zebrafish to identify regulators of early heart develop-
ment. This screen had identified a mutant called grinch that displayed a smaller heart. Closer examination of its phe-
notype revealed that the defects were specific to the myocardial cells and manifested early in heart development.
They then determined that the grinchmutant phenotype is due to a mutation in the gene encoding the Apelin receptor
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Agtrl1b. Early activation of Agtrl1b by the ectopic expression of Apelin com-
pletely abolished myocardial differentiation. Only myocardial progenitors
were affected by early activation of Agtrl1b. These embryos exhibited
defects in the formation of their anterior lateral plate mesoderm indicating
that Agtrl1b signaling may be important in migration to this region of the
embryo. Scott et al. also showed that Agtrl1b activity is required auto-
nomously in myocardial progenitors. They propose that Agtrl1b participates
in the migration of progenitors to the correct place in the anterior lateral
plate mesoderm. As agtrl1b is broadly expressed during gastrulation, how
Agtrl1b specifically controls migration remains to be discovered.
X-X.I. Zeng et al. (2007). Dev. Cell 12, 391–402.
I.C. Scott et al. (2007). Dev. Cell 12, 403–413.
A GPCR Fishes for Complement Fragments
Cleavage of the complement proteins C3 and C5 occurs as part of the
complement pathway that mediates defense against pathogens. The
smaller fragments generated, named C3a and C5a, are anaphylatoxins,
that is, they have the ability to generate very strong and potentially harmful
allergic responses. Chen et al. (2007) set out to determine whether the
GPCR C5L2 is a receptor for these fragments. When exposed to C5a and
C3a, neutrophils were not activated to the same extent in C5L2-deficient
mice as in wild-type mice. Downstream signaling components, such as
the kinases MAPK and Akt, normally activated by C3a and C5a in wild-type neutrophils and macrophages, were
only weakly induced in the absence of C5L2. These results indicated that C5L2 partially mediates the events down-
stream of C5a and C3a. Given that responses to C5a are important for regulating inflammatory responses in vivo, the
authors tested the effect of C5L2 deficiency on peritonitis. Reduced infiltration of macrophages into the peritoneal
cavity was observed in mice lacking C5L2 when compared to wild-type mice. Chen et al. next examined how C5L2
deficiency would affect several other C3a- and C5a-dependent responses such as the asthmatic response,
response to a lipopolysaccharide injection, and hematopoietic stem cell regeneration after irradiation. C5L2-
deficient mice were mildly impaired in their responses to each of these conditions. Thus, C5L2 appears to be
involved in mediating the effects of C3a and C5a signaling. Targeting this receptor may be beneficial for alleviating
the symptoms of asthma and allergy.
N.J. Chen et al. (2007). Nature 446, 203–207. Published online February 25, 2007. 10.1038/nature05559.
Artificially Expanding the GPCR Family
Given the range and importance of biological responses controlled by GPCRs, these receptors are frequent drug
targets. Armbruster et al. (2007) embarked on a project to develop a family of GPCRs that are specifically activated
by a synthetic ligand, thereby providing a valuable tool with which to dissect signaling pathways downstream of
GPCRs. They decided to use acetylcholine receptors as their target GPCR and then picked clozapine-N-oxide
(CNO), a synthetic ligand that is biologically inert and whose parent compound clozapine has a high affinity for
a specific acetylcholine receptor. They randomly mutated the cDNA encoding the human acetylcholine receptor
hM3, introduced it into yeast, and screened for mutants that were specifically activated by CNO in the nanomolar
range but not by the natural ligand, acetylcholine. After rigorous screening, the double mutant Tyr149Cys and
Ala239Gly had the required characteristics and was dubbed hM3D. They introduced this receptor into immortalized
human pulmonary artery smooth muscle cells that lack endogenous acetylcholine receptors and showed that
signaling events downstream of hM3D, such as MAP kinase phosphorylation, occurred only in the presence of
CNO. Introduction of the corresponding mutations into other family members (hM1, hM2, and hM4) rendered them
specific for CNO activation as well. They then examined activation of signaling pathways downstream of the
hM4D (engineered hM4 that binds CNO) in cultured hippocampal neurons that responded specifically to treatment
with CNO. The use of these kinds of engineered receptors will greatly enhance our ability to temporally and spatially
examine the functions of GPCRs.
B.N. Armbruster et al. (2007). Proc. Natl. Acad. Sci. 104, 5163–5168. Published online March 2, 2007. 10.1073/
pnas0700293104.
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Zebrafish embryos 48 hr postfertiliza-
tion. Cardiac myocytes (green) are
greatly reduced in a grinch mutant (bot-
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